A critical assessment of the available calculations of the top quark width is presented. QCD corrections, the finite mass of the b quark and the effect of the W width are included as well as the electroweak corrections. The relative importance of these corrections is demonstrated for the realistic range of top masses. For the QCD corrected decay rate we use the formulae from [1] and include the electroweak correction taken from [2]. Our results differ from those available in the literature because all the later calculations ignored the effect of W width discussed earlier in [1] . This leads to an effect comparable in size to the electroweak correction.
Introduction and summary
The discovery of the top quark has been anticipated since many years at accelerators of increasing energy. Present hopes are based on analyses of high precision data and the standard theory, see [3] . The top is the first heavy quark whose mass can be measured to better than 1% precision at a future e + e − collider. Therefore, measurements of its width will not only test the standard model at the Born level, but also the QCD radiative corrections which are of order 10% [1] . This is in contrast to b and c quarks, where uncertainties in the masses and non-perturbative effects preclude this possibility.
Recently, the complete one loop electroweak corrections to the total rate have been also calculated [2, 4] , and turned out to be rather small (1-2%) . Nevertheless, it has been claimed [2, 4 ] that a precise measurement of the top width may serve as a consistency check for the electroweak sector of the standard model. In fact a number of calculations have been performed studying electroweak effects on the top width in theories extending the standard model [6] . In particular it has been found that the additional corrections from the extended Higgs sector of the minimal supersymmetric standard model are significantly smaller than 1%.
In this article we give the standard model predictions for the top quark width. Our results are different form those in [2, 4] because we include the effect of W boson width considered in [1] and neglected in later works. This effect is comparable in size to the electroweak corrections. A number of intrinsic uncertainties remains. The present uncertainty in α s and the ignorance concerning the QCD correction of order O(α s 2 ) limit the accuracy of the prediction to about 1-2%. One has to take into account also the errors, both experimental and theoretical, in the determination of the top mass.
At present the best place for a precise determination of Γ t is believed to be the threshold region for tt production in e + e − annihilation. The most optimistic current estimate of the relative precision is 5% [5] . Therefore, it is mandatory to give the theory prediction which as the one presented in this article is accurate up to order of 1% .
QCD corrected decay rate
We assume throughout three families of quarks. Thus the effects of CKM mixing are negligible. The QCD corrected width of the top quark is given by the following formula [1] :
The functions F 0 (y, ǫ) and F 1 (y, ǫ) read
where
and
Above threshold for real W production the rate (1) can be approximated by:
a result valid in the narrow width approximation.
Neglecting ǫ one arrives at the following relatively compact expressions:
and 4 :
The formula (1) has been derived in [1] and tested in [7, 8] . When applied to charm decays, i.e. in the four fermion limit, it reproduces the numerical results for the total rate [9] .
The formulae (3-6) including the b quark mass corrections have been tested by a numerical calculation in [7] . Although performed by the same authors this calculation should be considered an independent one since it was based on a completely different technique and matrix elements equivalent to those derived in the classic papers on muon decays [10] in a form adopted in [11] for charm decays. Furthermore we have observed that these formulae after an appropriate analytical continuation are equivalent to formulae in [12] describing vacuum polarization effects from heavy quarks in the W boson propagator. Independent calculations including non-zero b quark mass have been performed in [2] and [4] . The authors found a numerical agreement of their results with the formulae (3-6).
The massless limit, eqs. (10-11), derived in [1] was rederived and confirmed by a number of groups [13] - [15] .
We proceed now to the discussion of the numerical predictions for the decay rate and the quality of different approximations. As our input we use: M W = 80.10 GeV [3] , m b = 4.7 GeV, α s (M Z ) = .118 ± .007 [16] and M Z = 91.187 GeV [3] . Then α s (m t ) is derived from the formula for N f =5 quark flavours. Uncertainties in the input value of α s (M Z ) as well as the second order corrections O(α s 2 ) , which have not been calculated yet, lead to an error which we estimate to be of order 1%. In Table 1 we give our results for the widths obtained from different approximations as well as from the formula (1). Since most other authors present their results in comparison with the zeroth-order result Γ (0) nw obtained in the narrow width approximation, we define
where i = 0, 1 corresponds to the Born and the QCD corrected rate respectively, and the widths in the numerators include the effects of the W propagator, cf. eq. (1). Analogously we define δ
nw which is given by the ratio of the QCD corrected and the Born widths, both evaluated in the narrow width approximation, and δ 
Electroweak corrections
The complete one loop electroweak correction to the standard model top decay have been calculated in [2] and [4] . If the lowest order width is parametrized by G F and M W , cf. eqs. (1) and (9), the electroweak corrections are less than 2% for realistic top masses. In particular there are no sizable effects arising from Yukawa couplings [17] 5 . For 100 GeV ≤ m t ≤ 200 GeV [2] for details. In the following we assume M H = 100GeV . Strictly speaking m t , M Z , M W , and M H cannot be treated as independent parameters. The standard model and the existing data imply a relation between them. For our choice of the masses one can neglect this effect, provided m t is not too close to the present experimental lower limit. The corresponding change of the Born width is -2.6%, -0.8%, and less than 0.3% for m t = 90, 100, and ≥ 110 GeV , respectively. Therefore we ignore the above mentioned relation and treat all the masses as independent parameters. If the measured M W and M H turned out to be very different from the values assumed in this paper, it would be straightforward to evaluate the corresponding change of the Born width.
The width of the top quark including the electroweak correction can be evaluated from the formula
and a simple parametrization δ ew (%) ≈ 2 − 1.5ȳ (15) has been obtained by us from Table 1 in [2] . The results for Γ t calculated using (14) and (15) are given in our Table 1 . It should be noted that the size of the electroweak corrections is comparable to the uncertainties from as yet uncalculated O(α s 2 ) corrections and the present uncertainty in the value of α s . The electroweak corrections are furthermore sensitive to the details of the Higgs sector, as exemplified by the recent calculations in the context of the two Higgs doublet model [6] .
